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DEVICE AND METHOD FOR PREDI STO&T JMR3 AN INPUT SIGNAL 
! Technical Field 

| The present invention relates to a device and a 
method for predistorting an input signal at an amplifier 

r^tef to :r SMitter Cha±n - In the Mention 

relates to the compensation of phase jumps in the output 

P<*,er of a* output signal caused by the changing of the 
poWer level of the output signal. 

Description of Related Art 

in mobile communication several techniques for 
transmitting information from a mobile terminal, such as a 
mobile telephone, a pager, a communicator, i e an 
electronic organizer, a smartphone or the like, to a base 
statin are available. The communication techniques include 
e.g.. frequency division multiple access (FDMA) , time 
division multiple access (tdma) , and code division multiple 
access (CDMA.) . one communication technology being based on 
the CDMA technology is the wideband code division multiple 

£ telecommunxcataon system (mrrs) being developed 
wit^n the third generation partnership project ( 3G PP> 

channei n b C ^/ y T in8 control of the 

channel between the mobile terminal and the base station is 

esEmaLrr' ^ ^ ^ 

estimates from a signal sent in different slots from a 
transmitter of a mobile terminal when it is possible, such 
as when the' mobile is not moving o*. , 

This will give a la™ Tn ° Vin9 - VSrZ Slow * 

DiJot ^ ^rge improvement of performance since the 

pjJot symbol comprised in each slot of the signal from the 

St 7^ ±S alW ^ S ^ ^ °- -quirement for 
thJs to work XB t hat the channel remains substantially 
constant deepite that the mo bile terminal changes i^s 
output P ow,r The environment of the mobile terminal, and 
bhd distance between the mobile terminal and the base 
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stjation effects the power level of the signal received by 
tlie base station. Also, the power received by the base 
stjation is dependent on the wanted data rate in the up- 
lijnk. Therefore , the. output power from the transmitter of 
thje mobile terminal is changed for meeting the requirement 
thjat the power of the up-link channel from the mobile 
terminal should remain substantially constant when received 
by{ a base station ♦ To provide the changing of the output 
pojver of the transmitter, of the. mobile terminal, said 
transmitter comprises an amplifier having variable gain, 
Tha gain of the variable gain amplifier may be changed in 
levels, so as to adjust the power of the output signal frorti 
thk transmitter Of the mobile terminal according to certain 
predetermined levels. 

j It has turned out that changing the output power of 
th^ variable gain amplifier is difficult without affecting 
th^ phase of the transmitted signal. Waveform generators 
kn<pwn in the art generating the input signal to the 
variable gain amplifier can not compensate for phase jumps 
be^ng synchronized with the output power change, which e.g. 
is j described in the 3GPP specification TS .25.101. The link 
performance, i*e. the link between the mobile terminal and 
the base station, is degraded by the phase shift in the 
transmitter of the mobile terminal. Therefore, * it is. 
25 preferred to keep the phase-shift of the output power as 



lo\jr as possible when changing the power- level, 



30 foi- 
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Summary of the Invention 

It is an object of the invention to provide a device 
compensating for phase -shifts in the output power of an 
signal from a transmitter chain of an electronic 

such as a mobile terminal, a mobile telephone, a 
or a communicator , said phase-shifts occurring as 
discrete phase-jumps in response to changing the 
power of the output signal. Another object of the 
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InWicn is to provide a device capable of compensating 

stL ^ d9P8nden,: • "ft. of the output power 
Still another object of the invention is to provide a 

2o C deZf ^ \' "»« «« ^quency or frequency 

baud depart phase-shifts of the output power. Also. Z 

^2 TT °r inVeWl0n that the compensation or the 
ph|se-shrft will not be detrimental to the output power 

of L. ^T 1TO C °° l " riBln 9 » -<»«9» -™ and a phaee 
offset adding n.eana conneo?ed to . ooneroller 

achieves the above objects. The controller means is adapted 
to retrieve phase chan ge values stored in a lookup tZT 
of the storage means. Based on first and second phase 
change values corresponding to a current and a new gain 
lejel of a„ amplifier means, the. controller means is 
adapted to calculate a phase offset value. A signal 
comprising the phase offset value is supplied to the phase 
offset adding means, which is .u.^, .. ... Pnase 

. ' wru - cn rs adapted to add the phase 

offset value to an input signal at the amplifier means. 

In one embodiment, the phase offset signal is « 
T^lTJTt haVin9 9 ^ ^ c — P-ding to the 

of the Phased ° ffSet ValUe ' * the adding 

of the phase offset signal to the input signal with the 

changing of the gain level of the amplifier means in a time 

the" addr" I V' WhSrein i- transmitted, 

thj adding of the phase offset signal will not be 

bJaT ta n • ^ ^ ° UtPUt P0Wer ' ^ ±npUt *• - base 

oX^ generatSd hy a wavefo ^ generator. The phase 
offset adding means of the device according to the 
invention is in one embodiment provided after first and 
aecjond transmit filters of the waveform generator 

is U /^T*^ eTnb ° diment ' said Phaae offset adding means 
xs provided prior to said filters of the waveform 
generator. Further, the controller means is further adapted 

J<T™ "* indication **■ gain level of the 

amplifier means is to be changed, said indication 
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comprising the current and the new gain levels of the 
amplifier means. Each phase change value of the storage 
meLns corresponds to the change of the phase of the output 
pojrer.of the amplifier means when the gain level of said 
5 amplifier means is changed from a first reference level, 
subh as the lowest gain level , to a second predetermined 
gain level- Changing the gain level of the amplifier means 
will change the output power to a predetermined level. In 
alternative embodiments of . the device according to the 

10 indention, said device comprises a temperature sensing 

me^ns and/ or a frequency indicator/ wherein the device is 
adapted to compensate for temperature and/or frequency 
dependent phase-shifts. 

Another object of the invention is to provide a 

15 method for compensating phase-shifts of an output signal 
from a transmitter chain of an electronic equipment, said 
phase-shifts occurring as time discrete phase- jumps in 
response to changing the output power of the output signal. 
Al^O/ it is an object of the invention to provide a method 

20 fo3b compensating for temperature dependent phase -shifts of 
the output signal. Still another object is to provide. a. 
melihod for compensating for frequency dependent phase- 
sh4ft*3 of the output signal, 

! These objects are achieved by a method for 

25 pr4distorting an input signal at an amplifier means 

co4prising the steps of:- retrieving from a . storage means . 
phelse change values; calculating a phase offset value based 
on the retrieved change values; and adding the phase offset 
valine to the input signal. In an alternative embodiment a 

30 temperature or a temperature interval is derived, and 

tenjperature dependent phase change values are retrieved 
frdm the storage means, wherein a temperature dependent 
phajse offset signal is added to the input signal. In still 
en alternative embodiment a frequency or frequency interval 

35 is derived, and frequency dependent phase change values are 
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reprieved from the storage means, wherein a frequency 
dependent phase offset signal is added to the input signal 

j It i B another object of the invention to provide an 
electronic equipment capable of compensating for phaee- 
shjLfts of the output power of an output signal from a 
transmitter chain of the electronic equipment, said phaae- 

tJ chan° CCUr ^ n9 " timQ diSCrSte ^ ^ ln 
toj changing the output power. 

j This object is achieved by an electronic equipment 
comprising the device according to the invention. In one 
embodiment, the equipment is a mobile terminal, a pager or 
a communicator, m another embodiment, the electronic 
equipment is a mobile telephone. 

An advantage of the present invention is that it is 
possible to implement the device in the digital domain 
wherein the electronic equipment will consume almost no 
extra.power. Also, if the 8 torage means is a rewritable 
memory, the stored phase change values may be altered in 
thA future to meet technology changes in the communication 
system . 

. Further preferred features of the invention are 

defined in the dependent claims. 

It should be emphasized that the term 
"comprises/comprising- when used in this specification is 
taJfen to spedify the presence of stated features, integers, 
steps, components or groups thereof. 

| Brief Description of the Drawings 

J m the following the present invention will be 

*J- Pi£r ' \ illUStrateB a ™> bil * terminal comprising the 
device according to the invention, and a base station; 

«J V*a 2 ±B 3 bl ° Ck dia9ram ° f a WaVe £orm generator 
connected to the device according to the invention; 
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Fig- 3a illustrates a first embodiment of a look-up 
tajble according to the invention; 

[ Fig. 3b illustrates a second embodiment of a look-up 
table according to the invention; 

j Fig. 3c illustrates a third embodiment of a look-up 
table according to the invention; 

Fig. 4 is a flow chart of a method for deriving phase 
chjange values stored in any of the look-up tables 
illustrated in Fig 3a-3c; and 

\ Fig 5 is a flow-chart of a method according to the 
indention for adding a phase offset signal to the input 
signal at an amplifier means. 

i 

Detailed description of embodiments 

Various mobile communication systems utilize fixed, 
ba&e stations for communicating with mobile terminals via a 
wifeless interface. Such systems include code division 
multiple access (CDMA) systems/ such as the wide band 
multiple access (WCDMA) system employed in the universal 
mobile telecommunication system (UMTS) . 

I Fig. 1 illustrates an- electronic equipment embodied 
as 1 a mobile terminal 1, which according to the invention 
comprises a device 46 for predistorting an input signal at 
amplifier of a transmitter, chain of the mobile terminal 
The device of the invention is adapted to add a phase 
offset to the input signal in response to a- change of the 
outjput power of the mobile terminal. As is understood, the 
electronic equipment may take other forms r such as a mobile 
telephone/ a pager, or a communicator/ without departing 
frdm the scope of the invention. However , for convenience 
reference will be made to a mobile terminal 1 throughout 
this description. Further, the mobile communication system 
coniprises at least one base station 2, with which the 
mobile terminal 1 may communicate speech and data according 
to { a predetermined protocol over a wireless link 3. The 
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mobile terminal i comprises a man machine interface, with 
which a user of the mobile terminal 1 may operate said 
terminal. The man-machine interface may comprise, but is 
not limited to, a display 10 , a keypad 11, a microphone 12, 
and a loudspeaker 13. Further, the mobile terminal 
cojmorises an antenna 14 for transmitting signals to the 
bafce station 2. The antenna 14 is connected to the 
transmitter chain within the mobile terminal l. 

Fig. 2 illustrates a waveform generator 20 being part 
the transmitter chain of the mobile terminal 1 
comprising the device according to the present Invention 
Th6 waveform generator 20 comprises first and second 
transmitter filters 21, 22 for filtering the in- P haae (I) 
cotjtponent and the quadrature <Q) component of a base band 
signal, respectively. Further, a first mixer 23 is provided 

P T 60 thS filtere 21 ' 22 £ °* ****** the base band signal 
witth the scrambling code of the mobile terminal 1. The • 
waveform generator 20 is adapted to generate a base band 
signal to be supplied as the input signal to an amplifier 
me^ns 30 via a rf (radio frequency) modulator 31. 

I To provide changing of the output power of the output 
signal of the transmitter chain the amplifier means 30 is 
one embodiment a variable gain amplifier (VGA) . The gain 
the variable gain amplifier may e.g. be set according to 
predetermined levels in order to set the output power level 
of the transmitter to meet requirements of different 

intbfth^r" POWSr l6VelS "* ClaSSBfi Me Rifled 
in the third generation partnership project (3GPP). 

specification T S 25.101, which is incorporated herein by 
reference. However, the exact number of p OW er classes or 
power levels of the output power is not important for the 
prjsent invention, wherein any number of classes or levels 
may! be Implemented. 

A power controller 40 sets the gain levels of the 
amplifier means 30 to keep the output power at a desired 
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lejvel. Consequently, the power controller 40 is connected 
tcj the amplifier means 30 to control the output power of 
tfcte amplifier means in any number of predetermined levels. 

The. exercise of the control of the gain levels of the 

i ... .... _ 

aniplifier means 30 to adjust the output power may be 
executed in a number of different ways. In open loop power 
cojntrol, the mobile terminal 1 determines an estimate of 
this path loss between the base station 2 and the mobile 
teirminal 1 by measuring the received signal strength at the 
mobile terminal 1. An automatic gain control (AGC) 
cijrcuitry (not shown) within a receiver chain 45 of the 
mobile terminal 1 provides a rough estimate of ths 
propagation loss for each mobile terminal 1. The smaller 
thfe received power the larger the propagation loss, and 
vice versa. The transmit power, i.e. the output power , of 
th£ mobile terminal l is in one embodiment determined from 
th^ equatioii: 

mekn output power (dBm)--mean input power (dBm) + offset 
power + parameters. 

Th# offset power is e.g. ~73 dB for the 800 MHz band mobile 
teirminal and -76 dB for the 1900 MHz mobile terminals in 
the IS-95 standard (US CDMA system) . 



The desired output power level is then supplied by 
tho receiver chain 45 to the power controller 40. The 
parameters are used to adjust the open loop power control 
fo# different cell sizes . and. different cell .. effective 
radiated powers (ERP) and receiver sensitivities. The 
parameters are initially transmitted on the synchronization 
channel between the mobile terminal 1 and the base station. 

In another embodiment closed loop power control is 
utilized, wherein a transmit power control (TPC) command is 
received in the downlink by the receiver chain 45 of the 
mobile terminal 1. Said command is derived by the base 
station 1 based on the received signal strength of the 
35 sigfnal from a specific mobile terminal 1. The power 



! 



018 13.01.2003 10:41:1 

03mia LB CSPVM7* ericscpn\PUH\E\M?1-u.T.iltc 



controller 40 is connected to the receiver chain 45 in 
or^er to receive the TPC contends and set the gain level of 
thfe amplifier means 30 accordingly. The receiver chain 45 
does not form any part of the present invention, and is 
5 therefore not further disclosed herein, m one embodiment 
of! the invention, the power controller 40 forms part of the 
amplifier means 30. 

i As discussed above, the change of the gain level of 
th^ amplifier means 3 0, and consequently the output power 
10 wijLl add a phase-shift to the output power of the output ' 
signal from the amplifier means 30. The phase-shift will 
oc^ur as a time discrete phase-jump of the output power in 
response to the change of the output power. To compensate 
fo* such phase-shifts, a phase offset signal is added to 
15 the base band signal, which is generated by the waveform 
generator, by means of the device 46 according to the 
indention for predistorting the input signal at the 
amplifier means 30. in one embodiment, the phase offset 
signal is a complex value having amplitude corresponding to 
20 1 4nd a phase value corresponding to a phase offset value, ' 
wh^ch will be described below. Therefore, the device 46 
comprises a phase offset adding means 50, such as a digital 
multiplier or a complex multiplier, that mixes the base 
barid signal from the waveform generator 20 with the phase 
25 offjset signal, m the embodiment illustrated in Pig. 2, the 
phejse offset adding means 50 is provided after the waveform 
generator, i.e. after the first and second transmitter 
filters 21, 22. However, in alternative embodiment, the 
Phjse offset adding means 50 is a part of the waveform 
30 generator 20, wherein the phase offset adding means 50 is 
provided before the transmit filters 21, 22. As is 
understood, also other positions of the phase offset adding 
meajns 50 is possible within the scope of the invention, as 
lorig as the phase offset may be added to the input signal 
35 at the amplifier means 30. 
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The device 46 according to the invention further 
ccjmprises a storage means 51 and an offset controller 52. 
Thje storage means 51 is in one embodiment a memory, wherein 
at) , least one value of the change of . the phase of the output 
po|wer for different gain levels of the amplifier means 30 
is! stored in a look-up table 53a, as will be further 
explained in the following. In one embodiment, the storage 
mejans 51 is a rewritable memory, wherein the phase change 
values stored in said memory may be substituted. In another 
embodiment, the storage means 51 is a read only memory 
(ROM) , wherein the values of the look-up table 53a are 
scored by the manufacturer of the mobile terminal 1 
according to a predetermined specification. 

Pig. 3a illustrates a first embodiment of the look-up 
table 53a stored in the storage means 51. The look-up table 
53a comprises columns, wherein different gain levels G x 
(Gi=Oi~Ga) of the amplifier means 30 is stored in a first 
column, and phase change values Ci (Ci-Ci^C) associated 
with each gain level are stored in a second column. 
Consequently, phase change value C x corresponds to a change 
of the phase of the, output power when the gain is changed 
frdm gain level Q 0 to gain level d etc. A phase change 
vaijue will not be stored for the lowest gain level G 0 . In 
ontf embodiment, each phase change value is a digital phase 
value, which may be retrieved by the offset controller 52. 
Consequently, the storage means 51- is connected to the - 
offset controller 52 being connected to the power 
controller 40. In an alternative embodiment, the power 
coritroller 40 and the offset controller 52 are provided as 
one 1 controller providing the functions of the separate 
controllers 40, 52. 

When it is decided that the gain level of the 
amplifier means 30 should be changed, i.e. increased or 
decreased as indicated by the open or closed loop power 
control as described above, the power controller 40 
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trknsmits a gain control signal to the amro-s,:- 
. ^ uo cne amplifier means 30 

level. Also, the power controller 40 transmits a gain 
c*£nge indication signs! to the offset controller 52 
a^icatxng that the gain of the amplifier 3fl 
oh£ged The gain change i«U ati . signal ^Lea 
infection of the new gain level of the emitter ^ 

l ^ T* 6 °' ^ °" Set « retrieves 

fri™, the storage m)ma Sl the phaae vaiMs 

corresponding to the new gain level by addressing the 
storage mean, by means of the new gain level. Then, the 
Phase offset value is outputted. as will be e^plaLd 

~ al «"»"ve embodiment the output power, and 
cogently the gain leva!, of the amplifier ^'30 *. 
compensated for tempereture dependent phase-shifts in 
coition with the gain level dependent phase-shift. 
Therefore, a temperature sensing means so, such as a 
temperature sensor, is connected to the offset controller 

no L,f 3 ;,K b illuBC ™ teB OTe embodiment of a second look- 
up table 53b comprising phase change values being dependent 
on the gaxn level of the amplifier means 30 as will as tZ 
til""' *• Ce0 *- atu - - divided intrdrfferent 

T neaded «=— ^ • tte specific number of 

temterature intervals (x^ has to be tested and 

co t H 1 3S ' t *- to *^ «i. 53b comprises 

meaps 30 is stored in a first oniiimr, ^ ^„ 
' Pha^e change value is stored in a T ass ^^ed 
hej the look-up taola sTl™ C ° 1Wm ' H ° WeVer ' 

wherein the gal! leveL G aTd Th ^ * d *™ i «- 

35 values Ci are sL^I fL V aSSOCiated P»— 

p ci are stored for each temperature interval Ti . In 
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tfajis embodiment, the offset controller 52 has to provide 
bojth information of the second, i,e. the new, gain l6vel of 
thje amplifier means 30 as well as temperature information 
toj the look-up table . 53b to retrieve the correct phase 
change value, wherein the temperature value or the 
temperature interval value is an index to address the look- 
up table 53b together with the new gain level. 

In another embodiment/ the device 46 according to the 
invention compensates for frequency dependent phase -shifts 
or frequency band dependent phase-shifts of the output 
signal of the amplifier means 30. In this embodiment, the 
deyice .46 according to the invention comprises a frequency 
in&icator 70 connected to the offset controller 52, which 
majr divide each specific frequency into different frequency 
intervals F± (Fi=F lM .F a ) . The frequency indicator indicates 
the operating frequency and/or the operating frequency band 
of the mobile terminal 1. Fig, 3c; illustrates a look-up 
talple 53c comprising data having phase shift change values 
Ci depending on both gain level G t of the amplifier means 
20 .30 as well as the frequency intervals Fi. in this 

embodiment, the offset controller 52 has ,tq provide both 
information of the first and second gain levels of the 
amplifier' means 30 as well as frequency interval 
information to the look-up table 53b to retrieve the 
correct phase change values, wherein the frequency value or 
the frequency interval value, is an index to address the 
lock-up table 53c together with the new gain level of the 
amplifier means 30. 

In still another embodiment • the device 46 according 
the invention compensates both for frequency dependent 
tetnperature dependent phase-shifts in addition to gain 
levjel dependent phase-shifts. In this embodiment, a number 
of 



to 
and 



35 3c, 



look-up tables are provided, wherein each table 
corresponds to either the embodiment shown in Fig- 3b or 



and being valid in a specific temperature interval or a 
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spjacxfic frequency interval. The specific look-up table n,ay 
bsi addressed, by means of the temperature interval or the 
frequency interval information, to accessing the specific 
phase change values corresponding to certain first and 
second gain levels and a certain temperature interval or 
frequency interval . " ^ 

The phase change values to be stored in the storage 
means 51 may be defined according to the steps illustrated 
the flow chart of Pig. 4 and described in the following: 

First, in step loo supply an input signal generated 
a waveform generator 2o without any phase offset adding 
me4ns 50 according to the invention, or with the phase of 

to! !LT 8et t0 °' t0 ^ means 30 being set 

^the lowest gain level G 0 . Keep the temperature constant 



by 



of 



a predetermined level, SUC h as room temperature 

In step 101, measure and temporarily store the phase 
the output power from the amplifier means 30 to provide 
a phase reference value. P^vaae 

| In step 102, increase the output power with a 

Sel f Tl ValUe ' SUCh ^ 1 dB ' » Y the gain 

le|el of the amplifier means 3o. 

j Then, in step 103 measure the phase of the output 
power from the amplifier means 30. 



35 



tn step 104, calculate the value of the change in 
phjse between the changed phase measured in step 103 and 

said^ ^T 11 " ^ Calcul ^ed in step 101, and store 
aajd change value in the look-up table 53a of the storage 
means 51 at the gain level set in step 102 as a 
copending phase change value Ci . Consequently, 

drfTo Th 9ain T el from the fir8t - ~ i ~ 

llll 1 th \ BeC ° nd 9ain level G * will generate a first 
l4l * Cl C ° rreSPOndin9 t0 the ™ ^in 

amdn^ 105/ deCide WhSther the 9ain of the 

amjjlifxer means 30 has reached its highest gain level G a . 
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notr the procedure is returned to step 102 to derive a 
subsequent phaee change value C i+a ,. However, if the decision 
in! step X05 if affirmative, in step 106 the procedure is 
. enided. 

5 | The method illustrated in steps 100-106 of Fig. 4 may 
bej repeated for different temperatures or temperature 
intervals, wherein the temperature chosen is preferably in 
thk middle of the temperature interval if temperature 
dependent phase offset signals should be provided. This 

10 will generate a look-up table 53b according to Fig. 3b, As 
is understood, the method in step 100-106 may also be 
repeated for different operating frequencies or operating 
frequency intervals of the mobile terminal l, wherein the 
operating frequency is kept constant throughout one cycle, 

15 10jD-10'6, The chosen operating frequency in each frequency 
interval is preferably chosen in the middle of the 
frequency interval. The procedure is then repeated for any 
required operating frequency or frequency interval. Also, 
thja procedure in Fig. 4 may equally be repeated for 

20 different temperature intervals and frequency intervals to 
generate change phase change values being both frequency 
an<3 tenqperature dependent. 

i In CDMA technology information data is sent to the 
base station 2 in slots having a small time gap between 

25 subsequent slots. During the time gap no information data 

isj transmitted to the Base station. The control . of the gain 
le4-el of the amplifier means 30 is preferably executed 
during the time gap as the changing of the gain level will 
generate a small transient in the output signal although 

30 the phase offset signal is added to the input signal. 

However, if the changing of the gain level of the amplifier 
me4ns 30 and the adding of the phase offset signal to the 
in^ut signal at the amplifier means 30 is synchronized 
during the time gap the transient will not be detrimental, 
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no information data is transmitted. 



0301 M LB 6i\P\\&?* J*i**sgn\P\ lb 7\C\ia7«.-iL7.<,oc 



15 



10 



15 



20 



25 



30 



35 



^ , ? ^l«tr ateS the method fee presorting the 

infcut signal according to the Invention for compensating 
fop phase changes due to a gain level change of the 
amplifier means 30. In the preferred embodiment, the steps 
according to the method are executed in the time gap 

2klTJl t r SmiSai ° n <* ^°™ation oata is provided. 
The needed phase compensation of the input signal at the 
a^lifrer means 30 is calculated by the offset controller 
M, and supplied as the phase offset signal to the phase 

tolcnl mean " In 3 firSt SteI> 20 °- ^cation 

to! change the output power to a certain level, such as the 
Tpfc command, i. received ^ tbe TOntroi ; ar ° 0 SS tha 

stsp 201, the new gain level of the amplifier means ' 30 ls 

tZToT ° n ™«lved in step ' „ In 

st#p 202. rn response to determining the new gain xevel or 
changing the gai n level, the new gain level of the 
snblxfrer mean. 30 is indicated by the power controller 40 
x.J. supplied to the offset Controller 52, which will^e an 
inje* for addressing the loofcup-table 53a of the.st^age 
me^a composing gain levels and associated phase values. 
Ea|h gain level stored in the look-up table have an 

wi1l C retri d eve" Se T^' 52 
idll Til P ^ COrr «P°°°-w to the new gain 
level of the amplifier means 30. 

for t.™ ' ? ° M " t Sl9nal ■»»«" c^snsate 

bvtthfr COaCr ° ller 52 obtai - ce^erature supplied 
fcylthe temperature sensing means 60, and/or the fre^ency 

xtenTr^ band S,WUed * Che locator . 

^ 1 derived. If the temperature and/or 

T 4 ^ 9ain level of the amplifier means 30 
tZe , £ 6 ^^/^-cy interval and/ox the 
temperature/temperature interval are used to address the 



by 
or 
70. 
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storage means 51 to retrieve an associated 
temperature/ frequency dependent phase value, i.e. a change 
vajlue Ci, which corresponds to the new gain level- The new 
gain level, possibly together with the temperature (or 
tejmperature interval) and the frequency (or frequency 
interval or band) , acting as an index to address the look- 
up table 53a, 53b, 53c are supplied to the storage means 
51, which returns the demanded phase change value. However, 
if the new gain level of the amplifier means 30 is the 
basic gain level, no change value needs to be retrieved, as 
thje change value relating to the basic gain level is known 
to: be zero. However, as is understood, a change value may 
al.so be stored for the basic gain level. Finally, in step 
205 the power controller 40 supplies the new gain level to 
thfe amplifier means 30, which will provide the output power 
level indicated by the change indicator. Also, the offset 
controller 52 supplies the value of the phase offset signal 
toj the phase offset adding means 50, which will add said 
offset to the input signal generated by the waveform 
generator, if the gain level is changed and the value of 
the phase offset signal is added to. the input signal at the 
amplifier means 30 during the time gap, no detrimental 
phjise jump will be added to the output signal from the 
mobile terminal 1. 

• The present invention has been described in some 
embodiments . -However,, the .scope of . the ..invention should not 
be I limited to the above -described embodiments, but is best 
defined by the following independent claims. Furthermore, 
th^ term "comprising" does not exclude other elements- or 
st4ps, the terms n a" and w an" do not exclude a plurality 
and a single processor or other unit may fulfill the 
functions of several of the units recited in the claims. 
Th4 function of the offset controller 52 may e.g. be 
implemented as software comprising computer readable 
instructions for carrying out the functions of said 
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controller when executed by a processing unit, such as the 
central processing unit of the mobile terminal l. 

i 



i 

i 



osniio LB £>\P\ia7<i &>lce3»n\PMb7\e\MT<l-lfa?-dae 



Ifl 



Claims 



10 



15 



20 



25 



30 



35 



1. A device for predistorting an input signal at an 
amplifier means (30) , comprising a storage means (51) for 
storing phase values, and a phase offset adding means (50) 
fofr phase-shifting the input signal, characterized in that 
thfe storage means (51) and the phase offset adding means 
(so) are connected to a controller (52) , which is adapted 
to retrieve at least one phase value from the storage 
mejans, and output an offset signal comprising the retrieved 
phjase value to the phase offset adding means (50) , which is 
adapted to add said offset signal to the input signal. 



2. The device according to claim l, wherein the 
storage means comprises a lookup table (53a, 53b, 53c) 
cojnprising different gain levels and associated phase 
vakues, and the controller (52) is adapted to retrieve a 
pb£se value from the storage means (51) corresponding to a 
gijren gain level of the amplifier means (30) . 



3. The device according to claim l, wherein the 
storage means (51) is a memory comprising a look-up table 
53b, 53c) comprising phase values relating to the 



(Sli 



e of the gain level of an amplifier means (30) from a 
fijrst gain level to one or more additional gain levels. 

4. The device according to claim 3, wherein the 
memory is rewritable. 

5. The device according to claim 1, wherein the phase 
of::set adding means (50) is a complex multiplier. 

6. The device according to claim 1, wherein each 
phase value stored in the storage means (51) corresponds to 
the change in phase of the output power when the gain level 
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o£ the amplifier means (30) is changed from a first gain 
leVel to a second gain level. 

7. The device according to claim 6, wherein the first 
galin level is the lowest gain level, and the second gain 
lejvel is any other gain level of the amplifier means (30) . 

8. The device according to claim 1, wherein the 
dejvice further comprises a temperature sensing means (so) 

10 connected to the controller (52) for deriving a temperature 
ori a temperature interval, and the storage meanB (52) 
comprises a lookup table (53a, 53b, 53c) comprising gain 
lejvels and associated phase values for different 
temperatures or different temperature intervals, and the 
15 controller (52) is adapted to retrieve a temperature 
dependent phase value from the storage means (51) 
corresponding to a temperature or temperature interval and 
a given gain level of the amplifier means (30) . 

9. The device according to claim 1, wherein the 
device further comprises a frequency indicator (70) for 
deriving an operating frequency value or an operating 
frequency interval value, and the storage means (52) 
comprises a lookup table (53a, 53b, 53c) comprising gain 
levels and associated phase values for different 
frequencies or different frequency intervale, and the 
controller (52) is adapted to retrieve a frequency 
dependent phase value from the storage meanB (51) 
co|rresponding to a frequency or frequency interval and a 

30 gi-jren gain level of the amplifier means (30) . 

12. A method for predistorting an input signal at an 
amplifier means (30) comprising a storage means (51), 
characterized by the steps of: 
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I retrieving a phaae value from a lookup table (53 a, 
53jb, 53c) of the storage means (51) in response to changing 
tfcje gain level of the amplifier means (30) ; and 

J adding an offset signal having a phase value 
corresponding to the retrieved phase value to said input 
sijgnal . 

13. The method according to claim 12, wherein the 
stlep of retrieving further comprises the steps of: 

receiving a new gain level of the amplifier means 
(3<0) ; and 

; retrieving a phase value associated with the new gain 
lejrel from the look-up tahle (53a, 53b, 53c) of the storage 
means (51) . 

14; The method according to claim 12, wherein tbe 
phase value corresponding to the basic gain level is zero. 

15. The method according to claim 13, wherein the 
step of retrieving further comprises the steps of: 

; obtaining a temperature value or a temperature 
interval value; and 

retrieving a temperature dependent phase value 
associated with the new gain level and the temperature or 
temperature interval from the lookup-table (53a, 53b, 53c) 
of the- storage means (51) 



16. The method according to claim 13, wherein the 
method comprises the further steps of: 

obtaining a frequency value or a frequency interval 
value; and 

retrieving a frequency dependent phase value 
associated with the new gain level and the frequency or 
frequency interval from the look-up table (53a, 53b, 53c) 
35 of the storage means (51. 
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17. An electronic apparatus comprising a device (46) 
for predistorting an input signal at an amplifier means 
(30> according to any of the claims l-n. 

18. The apparatus according to claim 17, wherein said 
equipment is a mobile terminal, a pager, or a communicator. 



10 equipment 



19. The apparatus according to claim 17, wherein the 
is a mobile telephone. 
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j ABSTRACT 

! A device, comprising a storage meaiis (51) for storing 
phase change values, and a phase offset adding means (50) 
fdr predistorting an input signal at an amplifier means is 
5 dijsciosed. A controller means (52) is connected to the 

storage means (52) and the phase offset adding means (50) . 
Said controller means (52) is adapted to retrieve phase 
chiange values from the storage means (51) , and output an 
of!f set signal to the phase offset adding means (50) , which 

10 is adapted to add said offset signal to the input signal. 
Thje invention also discloses a method for predistorting an 
injput signal at an amplifier means (30) by retrieving phase 
chjange values from a look-up table stored in the storage 
mekns (30) in response to an indication to change the gain 

15 lejtrel of the amplifier means (30) * 
i 

I To be published together with Pig. 2. 

i 

i 
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Fig. 1 
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100 

Supply input signal to amplifier means 



101 

Measure and store phase of output power 
of the amplifier means as a reference 



va 



ue 




103 

Measure the phase of the output power 



104 

Calculate and store the change in phase 
between the reference value and the value 
derived in step 103 




Fig. 4 
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200 

Receive indication to change output power to 
certain level 


r -J 
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Determine new gain 
me; 


level of the amplifier 
ans 



. I 

202 

Supply index to the offset controller 
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203 

Derive additional indicies 


< * 


t : 


2U4 

Retneve stored change value by means of the 
indices 



205 

Supply new gain level and phase offset signal 



Fig. 5 
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